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SUMMARY

A number of wind shear events recorded at the Bald Hills tower in
Brisbane Australia has been examined and grouped according to cause. The
cases include thunderstorms, sea breezes, late night (probably inversion
related) incidents, and wave motions.

This work was performed under contract for Aeronautical Research
Laboratory by the Geophysical Fluid Dynamics Laboratory, Monash
University.
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1. Introduction

A full description of the Bald Hills data acquisition experiment has
been given by Rider et al (1980). These authors have selected from the
extensive data archive from the 1976—77 thunderstorm season a number of
'incidents' thought to merit further study. A summary listing of these

incidents is given in Table 1, which is reproduced from their report, and the

incidents are discussed briefly in their report (Rider et al, 1980).

Data tapes have been supplied to Monash University relating to a
further sct of incidents identified from the 197778 season. A summary table
of incidents for this second season has been prepared in the same format as
Table 1 and is presented in Table 2. The classification of incidents shown in
column 7 of both tables is that specified by ARL and relates to nunerical
criteria based on certain transducers and is not to be taken as a
phenomenological classification.

The purpose of this report is to provide a .phenomenological
classification of incidents from the 1977-78 season as an extension of that
presented already for the 197677 season. A few incidents from the 1976—77
season not previously discussed are included in this report.

The number of incidents for each of the five types identified by ARL
are shown in the following table 3 for the 1977/78 season, with the
corresponding number for the 1976/77 season given in brackets.

Comparison of incidents identified in the 1977/78 and 1976/77 (given in
brackets) scasons.

Type of Incidents Peak wind speed S10 Total all
049 5-99 10-14.9 15— speeds

! (temp drop & squall) 0(0 5(1 2(1 0(5) 7(7)

2 (temp drop only 9(0 4(9 1(1 0(0) 14(10

3 (squall only) 3(0 43(10) 2(7 0(0) 48(17

4 (High Shear) 300)  17(3) 7(12) 0(0) 27(15

5 (temp rise) 1{2 31 0(2) 0(0) 4(3)

It should be noted that the comparison between seasons has been
complicated by the fact that different programs were used to identify
incidents in the two seasons, and that the peak wind speed for the 1976/77
season is for a 6s average. whereas for 1977/78 - . .or a 60s average value.
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However, at a given probability level, a 6s average wind speed of 11 ms !
occurs with the same frequency as a 300s average speed of 9ms L. It scems
unlikely, therefore, that the different distributions of say the 7 type 1
incidents for the two seasons will be much affected by the different averaging
times. It is likely that the 1977/78 season was much quieter than the
1976/77 season, but that the improved program used to select incidents
resulted in more of the minor incidents being selected in the later year.

2. Classification of Incidents

Incidents from the 1977/78 season have been classified into the
following categories:

* thunderstorm events
* late night incidents
* sea breeze incidents
* wave like motions

* miscellaneous

These incidents are classitfied and summarised in the following sections and

tables, but a considerable amount of additional information, including
graphical presentations are given in a separate result file.

2.1 Thunderstorms events

These are marked by the following:

* There is usually a subsiantial temperature drop, (from 2°C to SOC)
and effective mixing takes place so that temperatures at 10m and
100m are quite close,

* In ma.n)y cases there is a strong vertical downdraft (indicating effective
mixing),

* Thunderstorms or outflows from "old" thunderstorms seem mainly to
take place mid—afternoon or early evening,

* Incidents seem predominantly from the south, the most common
change in wind direction being from northeast to southerly,

* Winds increase for a period (30—60 mins) and then usually drop back

to their earlier magnitude, unlike the situation with the onset of the
sea—breeze, where there is not such a strong wind speed increase, bhut
the increase is steady and much longer in duration.

N e




2.2

Incidents

C416x
C416x
C418x
C502x
C514x
C526x

Late Night Incidents

(See Table 3)

.003
005
.001
.002
.001
.001

These are marked by the following:

There are quite distinct wind
duration ~10—25 mins.

surges, wind increase of 5-10m/s,

The time of occurrence is between 2200-0020 most commonly ~2300

An interesting characteristic is that the direction of flow at ground
level is usually different from that of flow at 50m and above. The
flow is southerly suggesting drainage flow from surrounding hills.

There are wind surges are from various directions — westerly,

north—westerly, easterly.

The temperature is usually fairly constant or a slight temperature

drop (1-2°C).

Incidents

C413x
C415x
C418x
C428x
C438x
C489x
C507x
C526x

(See Table 4)

.001
.003
.003
.001
.002
.001
.002
.003




2.3 Sea Breeze Incidents

These are marked by the following:
There is a change of wind direction, wind from north, north—east

The wind speed increases, but not to such a large extent as in the case
of thunderstorm outflows. The increase is usually of the magnitude 4
— 6m/s

The duration of the change is usually quite prolonged i.e. > 60 mins

Substantial mixing does not appear to take place. A temperature
drop of 2-3°C may take place but the temperature at 100m is in most
cases still 2-2.5°C lower than that at 10m.

The onset of sea—breeze is usually mid—morning 10101140

Incidents (Sce Table 5)

C410x .001
C410x .001
C416x .001
C419x .001
C535x .002
C469x .002
C505x .002
C509x .002
C539x .002

2.4 Wave Like Motions

These interesting incidents show wave patterns which, in some cases,
becomes more clear cut at greater heights on the tower.

Incidents (See Table 6)

C418x .002
C508x .001




2.5 Miscellancous

These are incidents in which no change or no well defined change
occurred.

DISCUSSION

Up to now work at Monash has concentrated on finding various large
scale flow structures which have been observed to move across the Bald Hills
site. These include thunderstorms, gust fronts, density currents, sea breezes
and waves in the atmosphere. Because these are large scale structures they
cause protracted changes in wind conditions and so may be described by an
aircraft pilot as wind shear occurrences.

There are also a large number of incidents, which have been classified
here among the miscellaneous incidents, where the flow is steady on average,
but contains repeated strong fluctuations.  Most of these incidents are
probably fair weather convection.

Spillane and Hess (1987) have indicated that in a three year study of
light aircraft and helicopter accidents weather is a possible factor in 20% of
those accidents. The brecakdown of weather types and their relative
implication is:

Moist convection: 2%
Wind shear: 8%
Dry convection 10%
Total 20%

so the miscellancous incidents would appear to deserve further study. In fact
Hess et al (1987) have indicated that repeated quite large organised
structures (only occasionally made visible as dust devils) may be involved in
fair weather convection. An aircraft encounter with such a structure will
again result in a "wind shear" type experience, but because of the lack of any
visual clue it is unlikely to be identified as such. In this connection,
McCarthy et al (1979) have suggested that the severity of many wind shear
situations lies in their excitation of the phugoid oscillation of an aircraft.
McCarthy et al have shown (see their Fig 2) that ever a half wave pulse of
wind speed, if tuned to the phugoid period, can excite the phugoid oscillation
quite strongly. Many of the wind speed graphs shown by Rider et al for
strong dry convection have rapid rises in wind speed for which the duration
of the rise is comparable to half a phugoid period. The rise is then
maintained for 1 to 5 minutes, giving conditions cqually likely to excite the
phugoid.

[ ]
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A figure (usually a 1) in
phenomenon during the course 0
wind speed rose by at least 5 mjs to at

Notes on TABLE 1

columns 8, 9 or 10 represents an occurrence of the corresponding
f the incident. A 1" in the squall column indicates that the
Jeast 7-5 m/s within 9 minutes, and a 2" in the column

indicates that the wind speed rose by ar least 8 m/s to_at Jeast 11.m/s within 9 minutes.

Columns
1 Date of incident
2 Time of start of incident
3 T denotes the existence of a simultaneous TAST.
4 Duration of incident in minutes
5 Magnetic tape number
6 Identification at start of incident
7 Classification of incident
k3 Squall at level | = 0m,2=50m3=100n,4= 150 m
9 High shear between two levels A = 50-10 m, B = 100-50 m, C = 150-100m
0 Significant temperature drop (D) or rise (R)
3 Magnitude of temperature drop
12 Maximum 6-sec average wind speed (m/s) at 10 m level
13 Max. and min. 6-sec average vert, wind speed at 50 m fevel
14 6-sec average shear (Ss0-S10) of maximum magnitude (m/s)
15 Peak 2-minute rainfalt in mm. ‘—\
Classification Meaning
of incident
1. Temperature drop of not less than 2°C in 9 minutes, plus 2 squall at any two
or more levels.
2. Temperature drop of not less than 2°C but no squall, or a squall at only one
tevel.
3. A squall at any level(s) but no accompanying temperature drop of significance.
A (3) in parentheses indicates that a squall was only noted at one level. Other-
wise it occurred at two or more levels.
4. High shear was observed but no squall or temperature ¢ hange.
3. Temperature rise of at least 2°C plus at least one other phenomenon. (A tempera-

(ure rise without any accompanying phenomefion was ignored.)

—t— A a e
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